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TI TLE HEAT- SEALABLE POLYOLEFI NS AND ARTI CLES MADE THEREFROM 5 FI ELD OF THE
I NVENTI ON Pol yol efins, preferably polyethyl ene, having a 24d¥reary 2804 about
0.86 to about 0.93 g/nlL, and having nethyl branches and at |east 2 other

di f f er ent wioange®s of branches of -6 car- bon atons and | esspf/pédghhaqt seal s
at exceptionally low 10 tenperatures, therehy allow ng good seals to be
formed rap- idly. This is advantageous when heat sealing so-called

fl exi bl e packagi ng nade fron1sing|e or TRFLEI | ayer films. TECHN CAL

BACKGROUND 15 Pol yol efiins, | ene have been
used in many appllcatlons exanp %E$£m%£@§%§§ﬂﬁeﬁg%@ﬁh bags and

cartons- In many instances |n ordaummDTﬁEREFRdMEpaCkage it is necessary to
effect a seal between two different pieces or two different parts nade of
t he same 20 pol yolefin. This may be done using adhesives, but is nore
commonlsy done by appl yi ng heatFimx.ih her St aneaN®Ordde j oined to soften or
nmelt themwhile_a sone pressure to_the glace where they are to be
joined to form &° 5§ﬁé &1pFec BT TR VBRI YSTIY eTiir s haydngt irodlensisal | ed.
heat seal i g, a88dt2% .88 €8MEBA o] h a for
in- stance KR Gsbhorn,-et al. PXPPZ??|?QEF|ngnhTE%ﬁﬁ%?? %KH P&%ﬁfﬁggCo
Inc., Lanca®feRt PRast 8 atherodiffeysati dengths of5prasehesd of78- taF- H,
Mark, et a Encwyc di f C eerln Vbl
Vark. 2t 2bop, Blometanuchanedi ao.4f %fgggglé REDE5cn 1 5pa15° 0 ol

1987, ¥. 11vempkyatucesmoihygrehy héabmu@glgoodrseadsoub by @@&h@ﬁlrﬁg_ t he
surfaces 09E25|te hgose to _.be 0|ned such as a hot bar,

or heating the surfacedSwhEKe ?95 Psoﬁhfnzﬁeﬁgbﬁﬁéﬁﬁngoﬁﬁ “fdldeA18097
PCT/USOO/lﬁl@klble packaging made from single or multilayer films.

TECHNICAI, BACKGROUND

15 Polyolefins such as polyethylene and polypropylene have
been used in many applications, for example in packaging
such as bags and cartons. In many instances in order to
form the package it is necessary to effect a seal between
two different pieces or two different parts ﬁade of the same

20 polyolefin. This may be done using adhesives, but is more
commonly done by applying heat to the surfaces to be joined
to soften or melt them while applying some pressure to the
place where they are to be joined to form a single piece of
thermoplastic. This operation is called heat sealing, and

25 is commonly used to join thermoplastic parts. See for in-

stance K.R. Osborn, et al., Plastic Films, Technomic Pub-

lishing Co., Inc., Lancaster, PA, U.S.A., 1952, especially

pP. 152-153 and 173-175; H. Mark, et al., Ed., Encyclopedia

of Polymer Science and Engineering, Vol. 1, McGraw Hill Book

30 Co., New York, 1985, p. 527; and ibid., Vol. 7, 1987, p.117.
Most commonly the heating is carried out by contacting
the surfaces opposite those to be joined with a hot object

such as a hot bar, or heating the surfaces with hot air or



infrared radiation. In any event the speed at which one can_heat the
surfaces to be joined to the proper tenperature for joi Adfgehipang004 -
determ nes the speed at which one can heat seal the surfaces. This is

parti culvam byisesue for thernmo 5 plastics such as pol yol ef iperusieesuse they
‘often have rela- tively low thermal -conductivities. H gh speed heat sealing
is inportant. because many such operations are high volume continuous
operatlonénﬁﬁérédsréﬁ#ﬁ§a©nsealnngngpevéststge ﬁpﬁedaﬁtlwhnnhreagecaasts

10 One wa r t,se e the erature at
whi ch theﬂgégltﬂ8 ggég?ggg 58 ?%iggfggg gg £gglgrogone b gﬁgrgﬁg Prie

nel ting ppoating DEEepoﬁynermbaesiugesepéed abuWhh&h bh& baﬁlh&aslnce | f

t he neltln oLnt of _.the pol .s o too much t itself may-
bo t 00 15°0BLKERF EHESROFShor LERA: A% BAFELFRLARYy BeuaerPEnEReamPy af -

fect ed. praeﬁmee nayﬁ 8t poeLybhegrsaki shaehQky shBakSo#ienl BWOE tenperatures

are constantl E h{ Nuner ous ,attenpts have been nmade to_find
pol yrer s R%Yﬁ ﬁﬁ ot BETNRLt COBIRFREVAESBEr t | Biohs 8BS heatt sRading.

US53587921§S5ﬁ§8§58n935é@Z§QZ h@ﬁ%Ggﬁgﬁ H§5§§QQ@§5 are high volume
US5587247, US5741861, US5770318, US5773106, US5773129

US5792549CEH303093. PEE58L295S anleYEDP2096beakoReadinghepeedsf siances uses
the pol ynge g;degeiibed ELNeg 827124, W00847934, WP905189,
U85714556_ané'25 Ug5868%§é ang 856060569 (all of which are incorporated by
ref erténce hereOnEfvayatb pucpeass heatf skallingsepekdst i de- lswrirbehe

generally certal bran I Iefin and, th ses, . The.specific

pol ymers usmaeﬁereFe gre nogﬁpég?ié Ia?VybﬁosgamF thggé p&ﬁl%ggﬁlons f or
use in heahligabibng BY appériati ehe. m@l24dnfepotaty o20@he\\ool{nd80Dé - ;t}
PCT/USOO/2A401 o

sealed, but has its limits since if the melting point of
the polymer is lowered too much the seal itself may be too
15 weak or the polymer characteristics may be detrimentally af-
fected. Therefore ways of forming satisfactory seals at
lower temperatures are constantly being sought.
Numerous attempts have been made to find polymers with
improved heat sealing properties, see for instance
20 US5358792, US5372882, US5427807, USS462807_, US5530065,
Us55587247, US5741861, US5770318, USS773106, USH7731289,
US5752545, WOS303093, W09532235 and WOS728560. None of
these references uses the polymers described herein. gj
WOSB827124, WO5B47934, W0990518%, US57145%56 and |
25 US5866663 and US6060569 (all of which are incorporated by
reference herein for all purposes as if fully set forth) de-
scribe generally certain branched polyolefins, and their
uses. The specific polymers,used herein are not particu-
larly noted in these publications for use in heat sealing

30 applications.



SUMMARY COF THE | NVENTI ON Thi s invention concerns a process for lowering the
heat sealing tenperature of a polyol efin-based thernopl akfebruarg@aP4 i si ng
the step of replacing at | east a portion of the 5 polyolefin in the

ther nopl aYP 8§ a branched pol yol efin having a density pefpaaiegsdse 86 tO
about 0.93 g/nL, and hav- ing nethyl branches and at |east branches of .two
other dif- ferent lengths of six carbon atons or |ess, provided that said
net hyl branches are at |east EHMMARY QF TER IMVENRION 10 branching in said
branched pol yol efhis THE=htWSHLd her Lns_a process for pre-
paring an article conpri si'ng&?h%&g?ée%ﬁ%fgh%gggégsél ??15 gow?ﬂ"'g? cheheat

t her mopl ast¥e2LIRY e¥peratuee pll 2 leehpplatincbased thetmophigseip, t he

first ther e i cond i5 thernoplastic_ surface
conprise a br a%%%%%%%%ﬁd%%&ee facélla%n§5:t£e%?t aDRETP PR 26 BheUt

0.93 g/hl, BPRANLHE hid the divhosoplaseic| wRsh HreAshese®i pd 0o PLEEL
di fferent ﬂé—.\‘yhg.gé?sa o&e‘i%ﬁ__ carbo atons or | ess, provided that said nethyl
branches are at 1east 1T r?_bl e p _%"é'ﬁt o?sjt'b?a“l’-b‘?‘?‘? 2- Bt S ngand kawvd
branched pdﬂI}EDIrujuhyl Twrandhee Hid e Bl 5éa $ONELLASHAD @ft&‘&]heo 9’? éltfl east
in part frcggra fér t ttﬁarrmﬁl astic.surface and a second thernop astic
surface joined toget it Phe: Karbery atene rer nlese, foratidddrrinpt ast i
surface andaid ety eFra-ha L4 Fe gl 1/ 18097 PCI1 USONA401
pl astig surface conprise a branched po?{/%?get??fnlo \t?él%/l?engpearccfé?ﬁ %‘%t'ﬁf’?ﬁ about
0.86 tO abfRARFRNGy/iR saisl ibwanahey | polyaiehios. and at | east branches of
two ot her diffetr%nt . Ieggt,hs of six carbon atons or |ess, provided that
said 5 methyl brancHEYSRFECRt | east f¥gthsrecpacewns af proteks finenpking in
sai d pol yolpefriimg BETAED) PESGRLRTLON HE, PREFERRED_ENMBCDI. MENTS  The
pol yners uged herein are hydrocarbon 8%{/% EFF'ES?ERBEE’: seg)lng a

irst thermoplastic surface to a second thermoplastic sur-

lface, wherein the first thermoplastic surface and the second.
L5 thermoplastic surface comprise a branched polyolefin having
a,density of about 0.86 to about 0.93 g/wlL, having methyl
branches .and at. least branches of two other different
lengths of six carbon atoms or less, provided that said
methyl branches are at least 10 mole percent of total
.20 branching‘in-said branched polyolefin.

This invention also concerns an article made at least
in part from a first.thermoplastic.surface and a second

thermoplastic surface joined together by heat sealing,

wherein the first thermoplastic surface and a second thermo-



10 that is polynmers nade by the addition polynerization of ole- finic

bonds of one or nore hydrocarbon ol efins. Preferably th&4gebuaey 20t e made

fromone or nore nononers (olefins) "of the fornmula RLHC=CHR2, wherein Rl

and R2 ay@ ogagge7 i ndepend- ently hydrogen or alkyl; nore gﬁﬁﬁg@ﬁ llyp; Wherein

one.of R or 15 R2 is hydrogen, and the other is hydrogen or n-alkyl, and
es- pecially wherein both Rl and R2 are hydrogen (the olefin is ethylene)-

A speci f Iﬁlﬁﬁ@réﬁﬂf@@éyw&prﬁséoéyﬁﬁlﬂbﬁéﬁ poli8leE$nanaoiwfeE @eAtai ning
about 80 nple ercent or nore repeat _units derived from ethyl ene, and

anot her sPeYY L 2P| Q- %?e?%r?%ﬂuﬁo?yﬁ%r9(§LhohBﬁBP9eWﬁ9hﬁﬁe whi ch
cont ai ns bf@@éﬁeg%ﬂ@lstpﬁé%@tbﬁn@ﬂég of Eﬁ@eéEhHP'&§ S{—é%{Ed from
et hyl ene. The po | ymers useful herein are_ obtai nabl prefera- bly
obt ai ned) 1¥§IHes yREr $3¥ ngrEPeR | HLORH @ﬁelp$%sencevcﬁeé thstcaaaﬁyst
conpogrent | tran n C u for
exanpl e %ISC o§§%ggﬁﬂ%%2%?%u%?yf%%%€r%g?&§i ﬁggﬁgﬁg 33493633847934,
vm9905189er§5H1W§55n 4568 086bpolaiin US6060569, as wel | as US5852145,
US5880241, US5932670, 30 incorporated by reference herein for all purposes
as if fully set forth). Preferably, the polyners are nmade by po

US5942461, W9 8/IHBA P I3 STRNOT T S5 ORTH , PRPSISE HidH 20MBODIMENTS

W98/ 42664, W98/ 42665, W98/ 47933, W98/ 47934, W99/ 30609,

V0. 99/ 49969, WHBT 4R25WNGHE Y999/ B26BER aFFC JRYARPERTRPR BPL¥CkeSingepy uary
2004 1Y0O 0dhd809d FET/HSPINA4EE by Bhé Zhadi floR! E&l?mé?ﬂ?gﬂfah eenpiksing a
predom nant _anount of ethylene, in the presence of a catal yst conponent
conpr|5|n%l%?Fa?@n@?aﬂ§|??%noﬁem%¥ecBﬁ%¥@?th@Ee0b?§i@$abl9reﬁh§ﬁbiﬂ the
late transhbi OB PRLAL sSeNhaQl PHdm {mé gkl fLpg ,ﬁohb E3Hle) )
preferred late transition nmetal conplex IS set ort n e exa -
appended heeeformThe REGHGHR’, wherein R' and R? are each 1ndepend—

ently hydrogen or alkyl; more preferably wherein one of R or

15 R? is hydrogen, and the other is hydrogen or n-alkyl, and es-
pecially wherein both R* and R’ are hydrogen (the olefin is
ethylene). A specific preferred polymer is polyethylene,
that is a polymer containing about 80 mole percent or more
of repeat units derived from ethylene, and another specifi-

20 cally preferred polymer is homopolyethylene, which contains
about 98 mole percent or more of repeat units derived from
ethylene.

- The polymers useful herein are obtainable (and prefera- ;ﬁj
bly obtained) by polymerizing olefins in the presence of a

25 catalyst component comprising a late transition metal cata-
lyst such as, for example, disclosed in previously incorpo-
rated WO9827124, W0S847934, WOS905189, US5714556, US5866663
and US6060569, as well as USS5852145, US5880241, US5932670,
US5942461, WO98/30612, WO98/37110, W098/40374, W098/40420,

30 WO98/42664, WO98/42665, WO9B/47933, WO98/47934, WO99/30609,
‘WO99/49969, W099/41230 and W099/62968 {all of which are also
incorporated by reference herein for all purposes as if

fully set forth). Preferably, the polymers are made by po-



conponent may al so optionally contain various suitable cata- |yst
activators and co-catal ysts. Further details regarding t34dabsiay ¢8e4s
conponent nmay be had by reference to the previ 10. ously incorporated
publ i cat iWA91/18PT hough any type of polymerization process,pcASsoRBHHE
slurry, or solution, continuous, batch or sem batch, may be wused to
prepare the branched polyolefins suitable for use herein, because of the
rel ati vel yl¥BgF#giegngnpeiafinf compenets potpoliefingsa predsmunaherred to

make them } ol Ht | slugpr rocess, nor referably a sol ution
process. Tﬁgog?gnéﬁegeg%?%%?éf?%s¥ﬁgv§r§§§gﬁ§i?g §f°&§83¥5§-§8mpopsn5bout
0.93 g/ i, cpmprésabgyaabaue Ora8fisidiahomet@ltoghliex INSrespeskal-hiyigbout
0.88 to ab .90, g/ at_23C ., 20 The density, as is usually done, is
neasur ed oﬁﬂégg%g %%?3}%%? Ef?ﬂ%ﬁ?l?PlW%FairlﬁtﬁéroﬁaPé?iSﬁsa(@*é@ﬁﬂefor
nor mal 5 snhipandounOse ofuaht bpxfdapta) 146bngrahini FBLAOMPE1ASIN,1 2L595.

ui renments_for density and as 25 otherwse set forth

Consi stent _with t [ eq
“above, thes%%lg8fggiﬁ§ E??I?§%ﬁp}ﬁsaEPPEB@ﬂénEErﬁFPh t Beepeatahystnventi on

contai n atcb@BshefioMBay b4 286 hbPgi oVRBBYI BBRPL: £ UsHRE LY b¥uit§£%®m@% %Dd
calculation of branching levels in these polyners i1s described i nothe

previously1YﬁEO?ﬁB?E§%%I§u%m¢c%@T@ﬂ%?lﬁﬁﬁSrefEﬁehberndqt@élQOrhgdrﬂhngeto
ent | angt ho e o By Sy B 2 8 e BB F ot REEYT et

ent lengths containing 6 carbon ato r-ress, or :
any tHPee efsh¥t ptorpetgted rpywrbpystions. 24 February 2004 WO 01/ 18097

T 00 24401 el AV 06 STl LY LS LR
punposes helernyn-dexybluesms, heoyt inabss, bioth baANSSESHALAYE md ok et hyl
the "n-* nggegetgnééééggé the branched polyolefins suitable for use
herein, beqause of the relatively low melting point of these
15 polyolefins, it is preferred to make them in a solution or
slurry process, more preferably a solution process.
The branched polyolefins have a density of about 0.86
to about 0.93 g/mL, preferably about 0.86 to about 0.91
g/mL, and especially about 0.88 to about 0.90 g/mL, at 23°C.
20 The density, as is usually done, is measured on solid poly-
mer without filler or other materials (except for normal
small amounts of antioxidants) using the method of ASTM
D1505. |
, Consistent with the requirements for density and as
25 otherwise set forth above, the polyolefins utilized in ac-
.cordance with the present invention contain at least some
branching. Measurement (usually by **C NMR) and calculation
of branching levels in these polymers is described in the
previously incorporated publications, and reference may be
30 had thereto for further details.
These polymers have branches of at least three differ-

ent lengths containing 6 carbon atoms or less, or in other

words at least any three of methyl, ethyl, n-propyl, n-



5 and all hexyl + branches are considered to contain 6 carbon atons. It is

e

preferred that that at |east four different branch | engt2ideeBae®hg six

or fewer carbon atons be pres- ent. Sonme of the polynmers suitable for use
in accomomormoed’0 Wi th the present invention, and prepareddTUSNRS0Uance
Wwth the previously incorporated references, have unusual branch- ing,
I.e., they have nore or fewer branches than would be  expected for "normal"
coor di nat®wrybol Jnary L AR hertyt he UBRaL LY bBrheHYSdf 18 289P6F £Re branches
s di ffer%é%hé%%_t 15, exPesiAY. nahlxy T BNGRCanINRHARChBRGeBY al SO
present- By this is ant that a branch"fromthe nmain chain on the poly-
mer may ibssh¢hesnt aFor obkee dpunpeeedr hachen. nrhekylamegnsnbeudtlt-hat sthe
concept of.a "pmmin in’ 1 sepmapt ¢ arqunent . ifiythere are
sufficien{f%¥a%% %%ﬁ%% fﬁﬁ&%%aﬁ@ﬁgségﬁ§gﬂgﬁgar iCuhgy %%|§ﬁ§%?5$%as, a
"bransh" ahé@ralbdeexyk$ebsatchasnetrkybogsddprednhectedthdnasnekimbne or

guat ernary,carbon_atom _or_a_grqup, 0 nsecutive hyl ene term nated at
one end bYF et hit b?dﬁﬁegﬁﬁgﬁgnﬁgegeggﬁ ?Ee ESFgg%oéﬁdg %fgrﬁg hi ne or
quat er naryr§AERONeALORs dber2dnlAgokhxobrt fewbranahbbs debmsecbeaprebe

nunber of carbons fromand including the nethyl group to the nearest
met hi ne. ©BF- quat ernary carbon atom but not including the nethine or

quaternary car §gfeabeNthtf pbiigmaeEbani ekntaNgBEULEKLE 1 REhReoYiaRRedr OUPS 'S
"n" then the branch contains (or the branch 30 length-is) n+l. Thus_the

st r udPur ewithi ther ppreseht snpaptioss angopyrprped in accordance with

- CH2CH2 2 . ( CHREH2 2- 6oat ains, 2ibkaaches, . a
mothyl anSianTEETy PRt Ant i D] “Fohr hars 2008 o O L1 8007 TR0 24401
At l'east ahgyutil@.potbepehaeat mofret he frwrcrhbsanshele thpol yoedd peef er ably:
B ot 2084L 28 HOrCRELRET CBRLEnBLSEE BRI YAk iLER3baR00k: BR e
distribution of sizes of the branches is different from that

15 expected, and “branches on branches” may also present. By
this is meant that a branch from the main chain on the poly-
mer may itself contain one or more branches. It is also
noted that the concept of a “main chain” may be a somewhat
semantic argument if there are sufficient branches on

20 branches in any particular polymer. Thus, a “branch”

" hereunder refers to a methyl group connected to a methine or
quafernary carbon atom, or a group of consecutive methylenes
terminated at one end by a methyl group and connected at the
other end to a methine or quaternary carbon atom. .The

25 length of the branch is defined as the number of carbons
from and including the methyl group to the nearest methiné
or quaternary carbon atom, but not including the methine or
guaternary carbon atom. If the number of consecutive meth-
ylene groups is “n” then the branch contains (or the branch

30 length is) n+1. Thus the structure (which represents part
. of a polymer)
~-CH2CH2CH [CH2CH2CH2CH2CH (CH3 ) CH2CH3 ] CHpCH2CH2CH2 -

contains 2 branches, a methyl and an ethyl branch.



branches. By this is meant that the total length of the 5 branch S

defi ned above) .fromthe nearest branch point is one caﬁ&ﬁ?QN 004 this
cal cul ation, ends of chains. are excluded (corrected for), using the
nunber avwwpagasewl ecul ar  wei ght determ ned by Cel Perneat 0

Chr omat ogr aphy, using a suitable standard (calibration by ¢¥ﬁﬁﬁ’%§ggtterlng
Is pre 10 ferred). It is also preferred that the polyner have (in

conbi nati on mﬁthttheaaboabpubnéoomoﬁarpemtenatoEe&&b dRewichell DI e

per cent, fe I Iea about 15 nol e cent of the branches
are ethyInBE?yﬁ%gét£% fg g§1 &8?3%03 Putnﬁﬁe%ﬁﬁéfBEQﬁgﬁtat“F@ESt about

5 nol e perpeafew&blyeaESIBaaﬂcbBSuareopm@mﬁ|pe%behﬁasbrébﬁﬁk hy1mol e

per cent, nB referablﬁB | east abott 5 npble percent of thé branches are
butyl ; at SBout B¥ hBRE p&r RERRt HBRE EP@féP&Bﬂylapgthe@§ttabout 4

mol e percebkaﬁﬁhthasbﬂaﬁﬁhéa apevanykroandhar nedtekeai-aak ubo%
percent, nore preferably at |east 20 about 5 nole percent o e branches
“are hexyl+°nPnCBFE°BréF@WredIgnﬁﬁaﬁnﬁﬁicuﬂﬁélpohyﬁsdscoﬁtahasnabamb 30 to
about 150 bianghes pebri en u onta| r _ever
100 branches t hat a?e ﬁe?ﬁseaggggt Esgﬁg QﬁﬁoﬁprS hyF ﬁ?awgﬂ 43Bout 4
t o about - 28epEbpyfebsrpiaadhey, GaboEerméatooabchroﬁﬁtbgrabhbraneﬁgg aabout

3t b { 30 t t 140 | + branch
n.anot hor “Br STar s ol Banetr iR PRRChBR HEr LEBEaFRELCRBOMP 38 Boeabout

150 bﬁanchésrped)100mtnmshglsaepgeﬁapsed BRasndhwhpehvment abps f(oh every

100 brancheg Qgé are neggyé % to about 20 ethyl branches, about 1

to about 19°BPeRe by PP ahkheke & Sﬁ?)loF% ShoPTe2obut §F beamshaboutibout 1
, about 10 moyé beasehes, mand Préfeslouy 20 Dexyl+aBLapch Smoiawp

01118097 24 Februyary 2004 PCT/US44/24401 1t is further preterre
br anched p6?96|% i {le branches are ethyl; at least about 3 mole per-

cent, more preferably at least about S mole percent of the

t he

15 | branches are propyl; at least about 3 mole percent, more
preferably at least about 5 mole percent of the branches are
butyl; at least about 2 mole percent, more preferably at
least about 4 mole percent of the branches are amyl; and/or
at least about 3 mole percent, more preferably at least

20 about 5 mole percent of the branches are hexyl+.

In one preferred embodiment, the polymer contains about
30 to about 150 branches per 1000 methylene groups, and
S which contains for every 100 branches that are methyl, about
l' 30 to about 90 ethyl branches, about 4 to about. 20 propyl

25 branches, about 15 to about 50 butyl branches, about 3 to
about 15 amyl branches, and about 30 to about 140 hexyl+
branches.

In another preferred embodiment, the polymer contains
‘about 20 to about 150 branches per 1000 methylene groups,

30 and which contains for every 100 branches that are methyl,
about 4 to about 20 ethyl branches, about 1 to about 12 pro-
pyl branches, about 1 to about 12 butyl branches, about 1 to
about 10 amyl branches, and 0 to about 20 hexyl+ branches.



are pol yet hyl enes, nore preferably honopol yet hyl enes. Anagt her preferred
enbodi nent is a honopol yet hyl ene con- taining the struct@ﬁfﬁ@@@”? 04 an
anount greater than can 5 be accounted for by end groups: CH3

- - CH2- Chiyolrigdes’® (XXVII) More preferably this honmopol yet hyhgige i ns
about 2 or nore of (XXVII) per 1000 nethyl ene groups. I n accordance with
one aspect of the present invention, 10 the heat .sealing tenperature of a
pol yol ef i n- bas&d ihefuptheraptreferardbehbaweihed branchpidagiolyddiefigast a

portion of. 1h lefin in the_ther | astic wi_.th the branched
ponoIefi%rgspagggg#%gﬁn%%0v@9r?h€r8?§ﬁg§2¥ EﬁFVEF@?Fﬁ D&Y ply be used
in place of thenethgknpteperyelietinBodofieti@nisls BRmIpyIgef il SRl ics-
proportions:wth tﬂe oréginal pokégle‘an in order to replace _a portion of
the sane. “34BhE bIEnBCTEGRURE AXEVIRYal8 ARy SFOMRthESRteFethas 678 or

even g rebeagbg@uﬁt@adf@fegﬁrggdbgrggbgqerizing the desired olefins in the

presence of the catal yst conposition referred to above, 20 along with a

second active polynerization catacybt (a co- catalyst) such-as a L
Zi egler-Natta and/ or nmetall oc ne-é%ge catal yst known in the art, used to
prepare the original -polyol€ a7 'E;HﬂgﬁsexanQQQY"US6114483, W97/ 48735,

W97/ 3802 d 8 I | ~al so _incqrpo _25 rated by _
referenceﬂﬁgge?¥@?§%§§¥§ B%?%oggéoégiﬁgtggﬁF?esgPptfﬁpﬁhf%°¥ﬁé3r§§UIting
t her nopl asbkre o&in (XEVIZkdpén Lopm aethylehesgwicidpssurf aces possessing a

| ower heat sealing tenpera- t and, thus, inproved processibility. 30 In
preparing arti EPeacHGT AR e SEAFRngREharRERFaSE! Ches BEESERE, 1varnt if

that 18l | ehet heat espetihyersnperboGes eenar %&@; he fhhaneiked Relermlalfin as
descri bed herein. 8 24 Februaré 2004 WO 01/
: plastic can be lowere

by replacing at least a portion of,
the polyolefin in the thermoplastic with.the branched
polyolefin as described above. The branched polyolefin can
simply be used in place of the originai polyolefin, or can

15 be blended in various proportions with the original polybleF
-fin in order to replace a portion of the same. Such a blend
can be a standard physical blend, melt blend, or even a re-
actor blend prepared by polymerizing the desired olefins in
the presence of the catalyst composition referred to above,

20 along with a second active polymerization catalyst (a co-
catalyst) such as a Ziegler-Natta and/or metallocene-type
catalyst known in the art, used to prepare the original
polyoclefin. See, for example, US6114483, WO$7/48735,
W097/38024 and W098/38228 (all of which are also incorpo-

25 rated by reference herein for all purposes as if fully set
forth). | '

The resulting thermoplastic can be used to form arti-

¢cles with surfaces possessing a lower heat sealing tempefa—
‘ture and, thus, improved processibility,

30 In preparing articles by heat sealing thermoplastic
surfaces, it is preferred that all of the respective sur-

faces comprise the branched polyolefin as described herein.

S EFESeES, e ifaf err ed
8097 PCT/ US00124401 . gﬁ}-



More preferably, the various surfaces are made essenti al | onI with the
branched pol yol ef ins described above as the thernopl ast %ﬂm3904stlll
nore preferably from such branched pol yol efi ns prepared fron1the same
nononer ( Syo offtshe7 > especi ally when each of the surfaces is the sane
polymer. Of course, in addition to the branched pol yol ef i FfsF¥$i§8440bt her

t hernopl asti ¢ pol yner conponents), the surfaces can contain other additives
and adj uvambgeC un n S her.mo stlcs S for
exanpl e, ant|ox?ggggtxg%Qanghgtgggﬁ%ggrgakkggg%a%% %6 5cESSER 13}3¥ an

the like. °H%Vewﬁﬁbnthﬁobgantheéspn&y0befsaalddstmghéheabob@ragxthanple

three fil her r ef er ahl of the surfaces
bei ng searggggﬁgpg?égﬁé'go%gﬂg%ancﬁegT 8$§e REF ﬁéagichFBEdsHépeln 15
Heat seal|hganayeﬁepdbﬂeleylaayprapaﬁéﬁ ﬁfometh@dgamglhongﬁggqsgo Lhgse

skllle I ng See for stance Plastic Filns, Technom c_Publishing
Co. , |§c % %82% v ﬁﬁ? e%F% % gégﬁur §5@E|aﬁlyhﬁ same. pelyman. 173- 175.

PreferanyOftbeuheatlng @ﬁdibﬁoﬁrﬁasthé beafentqdpbs 998E19¥ QPﬁ&”ﬁl 20
(e.g., sealing Ear s or er(s)), by

conducti on éé hotter materi al
ni crowave R ?anheﬁT%P LEr+E ReLYTRE, C%mﬂonﬁntﬁhsoﬁhe seafangs Fae anount

of pressureousgﬂnnauhaﬁradditpaééhéﬁdnééﬁﬁgaﬁes088&ﬂ§£1%h§o£$8 £Qryfinre)
surfaces to be, sealed, for exanple finger pressure r essur e- %p% F7ed by

25 pressesSeHRl %%$I%P%rm@2#a%&bﬂﬁléu9b 29, 700r k@eagpDO, panl ioXbaaheat i ng may
be befigre, S tion_of pressu Al t hough
1 aRd Staul1pnepL: ¥6igr ?[Eg£68$551?$ 3Ldsoan ﬁ%? 1

pressure nmay be-applied before thkeffective
unt|I t he heat|Mgr6|%hﬁaftwedsmnfacéhnmapjbq SPLDEH NBogébRet ENPEF adll s’ of

30 pol [ f t hat bei n eal ed will be about 50C to about
11 C. Thlsgt %rééﬁﬁr é%ﬁ ?%ag%%et%QEtW%ﬁt ¥ e bepraty A1l

pressure ugédt;hdalghxefamﬁsﬁeui@g BealHE aXg dOVEHe SEAPCHALNERSI SOTAFE

hi gher Preger’ 82 §&5Fi by é}éﬁhFebruary 2004

15 Heat sealing may be done by any variety of methods well
known to those skilled in the art. See for instance Plastic
Films, Technomic Publishing Co., Inc., Lancaster, PA,

U.S.A., 1992, especially p. 152-153 and 173-175. Preferably

the heating of the areas to be sealed is done by thermal

20 conduction from a hotter material (e.g., sealing bar(s) or

roller(s)), by microwave heating, dielectric heating, and

ultrasonic heating. The amount of pressure used may vary

s

from that needed to contact the two (or more) surfaces to be

sealed, for example finger_pressure to pressure- applied by -
25 presses or rollers, for example up to 700 kPa (100 psi).

The heating may be before, or simultaneous with the applica-

tion of pressure. Altﬁough pressure may be applied before

heating, it will normally not be effective until the heating

_ is carried Qut. Generally speaking, the temperatures of the

30 polyolefin surface that is being sealed will be about 50°C

to about 110°C. This temperature will depend to some ex-

tent on the amount of pressure used, higher pressures allow-

ing lower. temperatures, since higher pressures cause more



WO 01/ 18097 PCf 1US9CY 24401 inti mate contact between seali g__ surfaces. It

al so depends on the polyolefin of the heat-sealing surfgf',1 ebrsay 2904 e
with lower densities will usually have | ower sealing.-tem- perat ures. Since
mich of wdeyiweet sealing done commercially 5 is on high sgatk ?1 the

| ower the tenperature needed to give a seal of suffici ent strengt

faster the line may often run, since it wll take less tine to heat the
seal i ng r t mat er ich.may be
ool 19 Sieinses Lontde:sauae beuDend Whee dUE MLE! LIS WLENAL

pol yol ef i9% whedabyelalin (gEfthe Npeat abslihgchunfiycbe hndt tReaked i ncl ude
single a Y, ol ef i n, coat ed aper board,

pol yol ef pﬂl%%%v&éﬁe%é?é#gs Q%%’hu%%%f% BNEi g‘éﬁ%’a ﬁeﬁg?"qgt FP%yer film,
pol yol ef ipexattesds ar t $ thes mtadle ds):g/ th¢ eRéaDNsdB] Ohg blieMe NBbeinagcigRiyol ef i n
i nj ection or bI ow ol ded ot ati opal Ig nol ded parts. Preferred

mater%al S TR SRET Ry ré‘?% sﬁh%lio‘éﬁﬁ et F %-Fa'b‘ll’éﬂhn%ﬂ@¢@rt6rl ent ed

filns ancgmea seontefl PRPELciant PIPLERgen |, teedfééaetetﬁ@dwﬁéttngﬁyer
filns are}ﬁ_e eC|aIIy referred,. A single layer 20 filmwll sinply be a

| ayer of THeEPoFYdi eF+ise d’et'sc‘Y’rJo]edt?tlé‘PeJrﬂssAthﬂﬁtWa%?tfﬂl@n sealihgve two

or nore |ayefscednNto O AqhOtdy Ofempbeasyr-Lace layers will be a
pol yol efin de- scribed herein. For exanple other |ayers nay be present for

t he purposes oft¢ erleastal Hawhich Ipaibpmme@ttee@hedoammauy%hméerl als,

f d t / f I
Lo e Bt et be oo e oo e e 6 FRE RSl ol Pl e ot

bet ween digwful ayateriats tdmyclmmmrriaellwanfsehbﬁe iddibsde oshegl & ayeAs may
e e Oy PARL s LY S POLUSEL 0 Sa L AT ISl S0 )
present pageskefin pasdted|metal usef Ul (4101 &0 Fan PBE kasesi dgahb& N akes al so
partlCU|qgjfeysefgllgyfIééf?%lé%&é‘éggted articles made by injection
15 ~or blow molding, polyolefin injection or blow molded arti-
' cles, rotationally molded parts. Preferred materials for
heat sealing are single and multilayer blown and/or oriented
films and sheet, coated paper and paperboard, and single and
multilayer films are especially preferred. A single layer
20 film will simply be a layer of the polyolefins described
herein. A multilayer film will have two or more layers, and
one or both of the surface layers will be a polyolefin de-
scribed herein. For example other layefs may be present for {:}
.the purposes of increased barrier properties to 'one or more
25 materials, for added strength and/or toughness, for-decora—-
tive purposes (for example to have been or be-printed on),
adhesive layers to improve adhesion between other layers, or
any combination of these. These other layers may be poly-.
mers such as polyolefins, polyesters, polyamides, polycar-
30 bonates, acrylics, or mixtures of these, paper, and metal
(foil).
The present process is particularly useful to form

packages, whicn are also particularly useful articles. By a

10



24 February 2004 WD 01/18097 PCT/ USOQ 24401 "package" is nmeant an£
container that is nmeant to be sealed nost of the time (SONERAIVRIE 2084 ed
"protective packaging"), especially before the contents are used, against
anbi ent  we@alikedns such as air and/or noisture, and/or Io§§T@$0 P
package's content as by evaporation. The package nmay be de- signed so that
the seal against anbient conditions may be.. broken pernmanently broken as

by cutting d Py \ bag., The. package may. have one or

nmore inl et s%anﬁé gLuS: ﬁneet S { oarg’{ ocfog%aa%'grla regzltbart th‘gtm‘?ﬁa‘% beP a%%le%eqloecgnd/ or
10 wi t hdr aest arfi ttiee preiclenglesomdthionsts faalileel ‘GRefiaw: ihe paslagaee) These
packages are preferab single or mul- tilayer filns, especially

I nde f
SO ALY RIS ﬁé{eog" EHAVOI TS aFRIRRL | Uz eRthe

rrultilayerefl ns,

"seal i ng | ayerdidikats issicH ks |dAyerarddyadir B drdeadn$ast -1 eS8 idigd ude
flexible 15 bags which are sealeig,, such as solid or liquid food contain-
ers, in ra\PfrFa%’sgaofgéz,o’H(ﬁ%h@s? hEFRPIGIPont i rackage masalbarde -

cracker |ingigndd 2088t tHe thaPrmhes 4bs H | Qu g Used:
Tensile pr %pegr&% i es, ASTM D882, Method A (wn??énrgéch%&&%&g% ﬁréa/\cfi%en, TDis
t r ansver se PR OGRRRGNN LY daiadiany a5y bASTMUNERES or |teanihg 10> ypeASEV

D1238. El nmnp ]£%§; ASTM F88. ,
using' a 12. Sm%JZE?E%g.r 5%$§%I r(ﬁéfﬁan‘%gﬁ% \g%tegrtt&o%gﬁ%k%s ~p°§)
seal ing prefsats e GBrcm (Rl lhitdats ey g baidedintb arfi /25 sec

dwel | . ;J’he h th SP-102C- 3nmQ0 Sli p/ Peel
oot er 'Suppl o EiH kel T bR TAAER Hpfhag crsring Whes Bedk g a
25. 4 cnl r uiaps.10"These) pRkegess ead mrded-ablie ntRIaTE bl s R0l f ims, - al |

YN e With - all - I , in th rativ
beli eved n’etdle‘:]‘.avj\getr fﬁms ,a es%ceecnieafl%p?nu(i?:tﬁ.a%rsetrs £ iulsmesd, in twheic%O rtr:pl’;ae ative

Exanpl es
present polyolefins are at least the “sealing layer” that is
the layer that forms a heat seal. Thése include flexible

135 bags which are sealed, such as solid or liquid food contain-
ers, intravenous bags, pouches, and dry food containers (ce-
real and cracker liners in boxes).

_ In the Examples, the following tests were used:

Tensile properties, ASTM D882, Method A (MD is machine
20 direction, TD is transverse direction).

Film density by ASTM Di1505.

I, and I, by ASTM D1238.

Elmendorf Tear by ASTM D1%22

Heat seals were formed by ASTM F88, using a 12.5 um
25 (0.5 mil) Mylar® film slip sheet, 138 kPa (20 psi) sealing
pressure, a 0.64 cm (0.25") wide sealing bar, and a 0.25 sec
dwell. The heat seal strengths were measured on an SP-102C-
3m90 Slip/Peel tester subplied by IMASS, Inc., Bo# 134, Ac-
cord, MA, 02018, U.S.A., at a 25.4 cm/min (10“/min)
30 crosshead speed.
The commercial polyolefins, all believed made with met-

allocene-type catalysts, used in the Comparative Examples

were cobtained as fellows:

11



were obtained as follows: 11 24 February 2004 WO 01118097 PGT/ USOCQx 24401
Exact (r) 3128, and Exact(r) 4033 are reportedly ethyl- erfé/FeDRANERR04 "
copol yners obtai ned from Exxon Chenical Corp., Houston, TX 77252 U.S. A
Exact (r)wobsds®nd Exact (r) SLP 9095 are reported to be et E;CEN,IS% hexene ]
copol yners, obtained from Exxon Chem cal Corp. Affinity(r

reported to be an ethyl- ene/ 1l-octene copol yner, obtained from Dow Chenica
Co., Inc., M S. £8P Pol zation
Procedure The gg‘lagfq?onl\glﬁ yrfaéquir%%l on slf/g %maﬁgegg eﬁﬂ %5%& was a
sem - bat clﬂtnﬁdﬁkbu&&oEocoPahymemBs pbtedneld firde LE:(:&:ﬁaét:he(tmdaD.cotp’iq. 7 cm
hi gh) verhl tl&ke?7§E |BI§5 steel re 15 actor, gas purification

syst ens, ven pufi fi'Ca |on sys- teirs, an online nass flow rate detector
Lo moasure et hyhane® e make B2t @nsgB! bB65CL,EPRSULSRRA! SV BLEMLEO

anal yze. the head space conposition in the reactor. The reactor was

equi pfed WilERedd -RgreaeoEopaAymars: nabtediiedafdam jRaciaat dhengitathi ch .
circul ateghg,m xture of steam and water. The reactor could be operated in
a tenperature range of 20 to 115C by .adjusting steam and water flows in

the internal caifffinndyacketieddy Aeesedammal Adnke Pheseryp. and mass flow
rate of ethylene were neasured and recorded online. Research 25 grade

et hyl ene ﬁBﬁé%ﬁPcﬁﬁ§efGPPﬁéVmﬁﬁrlPp§élﬁﬁdp§3§Wh@kgpéﬁﬂmxniwCHBS|gned

noi sture apd OXWE@RahkaPfrt & gegove residual inpurities. Utra high purity
ni trogen/argon were further purified by passing through their own series

of twmlgas dry ers, one carbon d!&MaMkasdkhkr and one oxygen trap. High
30 puri 1Y G3aLYERt pRSnLUE bHES ofl b DY,PRSSI NY three special Iy )

The solution polymerization system used for this work

was a semi-batch tank reactor, and consisted of an 8-L (16.4
cm I.D. x 36.7 cm high) vertical stirred stainless steel re-
15 actor, gas purification systems, solvent purification sys-
- tems, an online mass flow rate detector to measure ethylene
feed rate, and an online GC measurement system to analyze
- the head space compositidn in the reactor. The reactof was
equipped with an agitator; an internal coil and a jacket in
200 which circulated a mixture of steam and water. The reactor
could be operated in a temperature range of 20 to 115°C by
radjusting steam and water flows in the internal coil and
jacket. Process temperature, pressure, and mass flow rate §£)
of ethylene were measured and recorded online. Research
25 grade ethYlege monomer was further purified by passing spe-
cially designed wmoisture and oxygen traps to remove residual
impurities., Ultra high purity nitrogen/argon were further
purified by passing through their own series of two gas dry-
ers, one carbon dioxide absorber, and one oxygen trap. High
30 purity solvent was further dried Sy passing three specially
designed purification columns before added into the reactor.
The following materials were used for the solution eth-

yliene polymerizations:

12



designed purification colums before added into the reactgor. .  The follomnng
materials were used for the solution eth- ylene polyneri 24 ﬁ?ﬁ‘éary?.

February 2004 WO 01/18097 PCTI USOCQ 24401 Et hyl ene nononer - (research grade,
99. 999 nw¥g oesodt he- son Gas Products Canada, Inc., Wit ¥T CN Canada)
Nitrogen (ultra high purity, 99.999 nol % Praxair Can- ad

Belleville, ON Canada); 5 Argon (ultra high purity, 99. 999 m)l d Praxal r
Canada, Inc.) etlheeremb 9 Idr| nada. Ltd.

M ssi ssauga, ON 1Cl::a%lnada) %ﬁ%}%ﬁeﬁ%&:}}%ﬁk %%fiﬁdﬁdx%%ﬂsé A)ga( Bagden o of
Al in 10 fONUSRE BResycNsbErnedeni dak . |navh,1t<ay| CWOCahhdH)$ A )

Cycl ohexane (P Phi. I lips,.Chem cal

Bartl esville, Wl% )(ug%g r%ée?ur‘lnﬁ’du%a agé’d“‘PFr%t'hgrééta&F’ygﬁnsyst em
had t he ﬁ@lﬁnullalcas §I&é\I\anéllew OB5 CEhadkol;| ow ng preparation steps were
taken pri or to yGEH_,za E‘ Tol uene was distilled in the presence of
netal Iic so- d enzo{ﬁ hoRET15Y . 83r APysFonds Brazaivefanadehe dried

t ol uene. Iﬁeadt,or body was dried at 115C for over one hour un- der vacuum
t hen purged uslrn drle?r g Unl ess otherw se noted, all pressures are
gauge pres- sure ue?% 3% aVF§: anb¥ABaRe . ofigma-alisichorusata(5. 0 1) was

added i nt atthe Meaetiebaugderof teashigy,seal ed condition. 13
Modified Methylaluminoxane (MMAO-3a) (6.99 wt% of Al in
10 toluene, Akzo Nobel Chemical Inc., Chicago, IL U.S.A.);

Cyclohexane (Pure grade, 99.94 wt%, Phillips Chemical
- Company, Bartlesville, OK U.S.A.).

The nickel compound used in the catalyst system had the

formula as shown below:

’ :mBrz
AN

N

1

15
;fa The following preparation steps were taken prior to po-
lymerization:
. Toluene was distilled in the presence of metallic so-
dium and benzophenone.
20 * Catalyst was dissolved in the dried toluene.
* Reactor body was dried at 115°C for over one hour un-
der vacuum then purged using dried argon,
Unless otherwise noted, all pressures are gauge pres-
sures.
25 Typically, an amount of pre-dried solvent (5.0 1) was

added into the reactor under a reactor sealed condition.

13



WO 01/18097 24 February 2004 PCT/ US0O0/ 24401 The reactor was heated up to a
desired polynerization tem perature. Modified methyl al uflGPaREY 8P4 N of -
500-900) as a scavenger was injected into the reactor and the contents in

the reacwoovmoe m xed with an agitation speed of 400 rp i n.
Et hyl ene was injected into the reactor to pre- saturate ?ﬁéré%m’%ﬁ?{nat a

pressure of 1.0 MPa. Nickel conmpound (2-20 ng) with 50 m. of solvent (tolu

ene) was AipeedaMded Mg | t | um e {A/Ni: 500- 1000) for 5 mn
and was-injected into tﬁeh%%é:cgt‘ao?ggu%ong@ %ﬁgféﬁoéﬁ@e%?%td’oq@i%1 100 n
of cycl oh®edREURes udedittd edagie tiyy adatreingsianiee siZdyatis dm ddwe s@dalyst

char gi ng por, t .pressur.e was.adjusted to a desired pressure :
| evel by restgl?lvg?ﬁ%ﬁér g%%yﬁé’ﬂecl% oawlﬁné: e. MAREReTIERE diltg RRsants char ged

‘into the Asather readeoragietrat mredEiyhens BBST a5 dLebdal &M% d 65 ded
onling, Tenpenat ure angttmssure were mai ntained at a constant |ev for a
gi ven “pol yreri Za- tion tTHePE V553 1Ry ecAed fatendhst nesighay itmattimer, t he
resi dual etltyrane ithe SbevendCher avpsekant-ed 2 i1 & iy ethyl ene supply had
been 20 shut g}f.f he reactor Eressure was reduced to 0 Pa. The residual
catal yst was d&& affeaPEYdddrng Ca Mgl mi thmsenml of metlhvamy (tela-t he

pol ynmer sehd)i s *isepolYehhyhane {Wwas fromthe._solution by
evaporat i ngpt he SSO| ver?t under a n?#gggren%%gg?'gg% Oécapgsd@_/l@s isr‘?é’”pol yner

was driedl@P080€°FnSamiacanth vasniojerted hnto theneveckdr heSidualch- -
ol | ons. BeTohexhner o ndlotho BT oForsbarkexadeo vag JREANCSr #8: 1000
React or. prR¥ssatelyst38ekPduals in the catalyst charging port. The
reactor pressure was adjusted to a desired pressure level by {iD
regulating ethylene flow rate. Ethylene was continuously
charged into the reactor under agitation. Ethylene mass
15 feed rate was recorded online. Temperature and pressure
were maintained at a constant level for a given polymeriza-
tion time (1 to 3 h).
) At the end of polymerization, the residual ethylene in
the reactor was vented off after ethylene supply had been
20 _shut off. The reactor pressure was reduced to 0 Pa. The
residual catalyst was deactivated by adding a small amount
of methanol into the polymer solution.
The polyethylene was separated from the solution by -fj
evaporating the solvent under a nitrogen purge.  The result- —
25 ing polymer was dried at 60°C in a vacuum oven over 24 h to
remove any residual solvent.
The polymerization conditions for the examples in Table

1 are as follows:

Cyclcohexane: 5.01

30 ~ Nickel compound: 20.0 mg
Al/Ni ratio: 1000
Reactor pressure: 1.38 MPa

Temperature: €5°C

14



Tenperature: 65C 14 WO 01/18097 24 February 2004 PCT/ US 24401 For the
pol ymer of Exanple 1, 8 separate polyneriza- tions were rfe By ef
products conbined into a single polyner batch. Polymerization tinmes were
1-3 h, ambewisgdr ene pressure was 1.0 MPa. 5 For the pol ve®fussbrfsppl e 2,
4 separate polynerization runs were nade, simlar to those for Exanple 1,
except for 3 of those runs the solvent was isooctane and for the fourth

cycl ohexane, thet e %gﬁ@ apd gh n ssure was
1.4-1.7 MPa. The pr oducE?J)s of all nerfzaélgeﬁgg#%uﬁc’l%re *E&0nbi ned

into a si rig#@l%a‘f%#ﬁ gfurpo| azrk rt ha-arr gsadips eCQrpbi.hedpnh*ycrea gingleach of the
8 pol yneri strips and extr d t hr oygh

(0.75") KiTT ] onési ngi e ‘s\(lz\?ﬁec\)/v A ]}ln}% éllﬁldgcu HEd"p T ﬁleti‘néJl Egﬁiﬂ ets
fromall 8ipolpmesszad ivwas rluns wme then 15 bl ended together and m xed with
500 ppmof Irg os(r and r ganox 1076 nt|OX|dants

(G ba-Cei gy Coral‘i)]i tﬁe’arf-:’d‘:> }ﬁ‘ée%ncfﬁo Qr%&ﬁg?:g% %xt?uﬁ%é %T'ﬁ%u@ﬂ YRerizpgion
extruder anshs vererathdet pellet o Ftiosd | fof E:la@tﬁﬁléxiruék@é'%t Ebe sear
zone was 18,0 al | thefg_} her zones 190C, and screw rpm was 60 for theé

i ndi vi dual®battIRe BF 18'F GFOLRAL IAF nkIPPRtere #of El’én%h% Pourtle
pol yner freperatdicdie | henet ﬂureza&éémstﬁu@§°@’asaﬁa'ttﬁ@%@tﬁ%ﬁéﬂé and
ru

extruded through a 1. 9 cm (0.75") Killion single screw ex and cut
into pel |RERTSIFR Wit et ¥ +orfRa | AThe| reduchs i of alhst vieekyméeiza 25

bl endegl t qggd e, fnd,duXed o %Cga- |gyo%oljﬁ%.ﬂ§flggéé% %ﬁepg%dmewo ppm of

I rganox(r) 1076 anti oxi dants I'Te batch
extruded throudfex Wmﬂfﬁ e1x,t rttld%rpcailmdnef of ed eatly @Eltieé s8 FoIyewh vi dual

batich extrusio zon 5 L70C _all the er. zones 180C and
screw 30 r%%névéa}g 8&% El‘:he S e o8 ‘F’ﬁ%’d““g%$c‘f‘@f‘ﬁ‘eg art-
cm (0.757) Kllllon 51ngle screw extruder and cut into pel-

lets. The pellets from all 8 polymerization runs were then

15 blended together and mixed with 500 ppm of Irgafos® 168 and

500 ppm of Irganox® 1076 antioxidante (Ciba-Geigy Corp.).
and the entire batch extruded through the same extruder and
- formed into pellets. For all of these extrusions, the rear
zone was 180°C, all the other zones 190°C, and screw rpm was
20 60 for the individual batches and 75 for the combined batch.
For Example 2, the polymer from each of the 4 polymeri-

zation runs was cut into Strips and extruded through a 1.9

R

.cm (0.75") Killion single screw extruder and cut into pel-
lets. The pellets from all 4 polymerization runs were then

25 blended together and mixed with 500 ppm of Irgafos® 168 and

500 ppm of Irganox® 1076 antioxidants (Ciba—Geigy Coxrp.}.
and the entire batch extruded through the same extruder and
formed into pellets. For individual batch extrusions, the
rear zone was 170°C, all the other zones 180°C, and screw

30 rrm was 61.5, and for the single coﬁbined batch the rear
zone was 180°C, all the other zones 180°C, and the screw rpm

was 50.

15



zone was 180C, all the other zones 190C, and the screw rpm_was 50Q. 15 24

February 2004 WO 01/ 18097 PC F1USOOr 24401 Exanpl e 3 and GHfsRruary ¢@o4 -

Exanpl es A-D The pol yethyl ene of Exanple 1 and three .commercial co-
polggerémaﬂﬂﬁmﬂngne and an al pha-ol efin were extruded t@@gugnngﬁﬁlomn
filmdie, and wound up. The extruder was a 5 1.7 cm (0.75") dlan?ter.
Killion 30/1 L/D single screw ex- truder fitted with a 2.5 cm (1") dianeter
Killion blown film d _ _ . Sat Ll [ nalr ring. The
rear zone was 180C, adapter 220C, and
the di e zones TR®e- Q@DﬁbthnﬁeneeofCE&wmpmﬁlQOanHOtHﬁééIddﬁdﬁ%ﬂidma%o—

| ayf l.at di on was 12.1 cm (4.75"), and
bl ow- up. 1BerHre S et ehelne énnCrgnelelReoyRTan MeEFASPETIdSREI £ 1 al so0
lists hechroegh stbboghhsidndidenshhiiesohol Lhe VaHOURYMIBLS: sTable 1
ExanplLe3 Pol Exac Exact (r Exactgo) 313240338LP9095 Frost
_Line % Agz 198, gq95%§§ %1%$?Eé%eﬁéi%9on RY®. 84D SI030 e385Te88EXTFhi ckness,
P60, 553 BEEAOB 3¢ B teatwSen! 2 Shr engkhgz~) gaiémazew&é&i@qoﬁ%&%%p £ilm

die and a Future Design Saturn® mini air ring. The rear

‘zone was 180°C, the other barrel zones 200°C, the adapter
220°C, and the die zones 190-200°C, and the screw rpm 60.
10 The film gage was nominally 50 pm (2 mil), the layflat di-
mension was 12.1 cm {4.75"), and blow-up ratio 3:1. . f¢3
Frostline heights are given in Table 1. Table 1 also lists ‘

heat seal strengths and densities for the various polymers.

Table 1
Example 3 A B C
Polymer Ex. 1| Exact® Exact® Exact®
o 3132 4033 SLPS09sS
|Frost Line (cm) 12.1 15.9 14.0 12.7
“|Film Density, g/ml 0.889 0.903 0.885 .88¢
Thic}cness, pm 50.5 53.3 55.9 53.3
Heat Seal Strengths, '
gm/1.27 cm
60°C o | )
65°C 121 | 0 £ )
70°C 302 _ 11 N
75°C 325 0 227
80°_C 290 , 203 313
85°C 317 265 307
80°C 336 0 241 348
95eC 273 450 235 284
100°C 303 504 245 339
los5eC 307 464 252 320
110°C 299 439 252 363

15

Example 4 and Comparative Examples D-G

The polyethylene of Example 2 and four commercial co-
polymers of ethylene and an alpha-olefin were extruded

through a blown film die, and wound up. Extrusion condi-

16



70C30211 75C3250227 80C290203313 85C317265307 90C3360241348 5C273450235284
100C303504245339 105C307464252320 110C299439252363 Exanpl 2004
Conpar ati ve Exanpl es D-G The pol yet hyl ene. of Exanpl e.2 and four comer ci al
co- pol yMe@8/H09%t hyl ene and an al pha-ol efin were extrudegcrilsagegb 2 bl own
filmdie, and wound up. Extrusion condi 16 24 February 2004 WO 01/18097
PCT/ USQQ 24401 tions were the sanme-as in Exanple 3, except the |l ayflat was
13. 3 cm f ot i@ pd e de RO s ke 72 rati Frostline,
L P 8 MG B e e R

density, thickness_and heat_ seal streng are gi
ot her physttal PRopeF tFrampke 4iarth 13- TaphefSr G’cam:aerétﬁxanmk

b EESS
Pol Ex t 283132 8804033 F t
e e e S e S | il Y RALLS T dnd sy ORI, 086

Heat Seal X% ehi(em,imyrifably &ma@mmwﬂmmmﬁé@&e

5. given in Table 3.

Table 2
Example 4 D - E F G
Polymer Ex. 2 |Exact®| Exact® |Affinity® |[Exact®
. 3128 3132 PL1B8O 4033
Frost Line (cm) ' '16.5 12.7 15.2 13.3. 15.9
- Film Density, g/ml 0.895| 0.903 | 0.903 0.905 0.886
J Heat Seal Strengths,
gm/1.27 cm
70°C 0
75°C 60 0
80°C 296 180
85°C 354 276
90°C - 368 292
95°C - 391 10 0 0 4 295
roo°C 350 242 S8 52 332
- 105°C 341 525 443 - 365 : 310
1i0°C 360 533 568 523 311
115°C 358 485 590 571 274
120°C 365 531 590 541 273

17



L

90C368292 95C3911000295 100C3502429852332 105C341525443- 365310 5
110C360533568523311 115C358485590571274 120C36553159054lé¥daﬁwu@M-ﬁ%%ruary *

2004 WO 01/18097 Table 3 PCT/US(c) O 24401. A Exanpl e4DEFG - Pol yrer Ex.
2Exact (rwobnasedyr) Affinity(r) Exact(r) 31283132PL1880403Bcrasoo/24401
| 106. 2106. 6006. 9208. 7704. 450

110/ 126.65.85.98.55.6 Tensile Properties MD Tensile Strength

| 20. 9401. 1401. 1801. 0300. 800 "

42.043. 147. 343.849. 2 MPa El ong. Brea
MPa21. 652. 957. 764. 416. 7 TD Tensile S

Break, %

(=R aWal. WaVal i aVntewiwlaVal

?ab%@lé892856840834 1% Secant Mod. ,

43.338. 448.537.041. 4 Mpa El ong.

2

4 D E F G
Polymer | EX. 2 [Exact®| Exact® |Affinity® | Exact®
3128 3132 PL.1880 4033
I, 0.5401 1.140 1.180 1.030 0.800
© Xig 6.210] 6.600 6.920 8.770 4.450
I]_Q/Iz 6.6 5.8 5.9 8.5 5.6 .
Tensile Properties
D _
Tensile Strength 42 .0 43.1 47.3 43.8 49 .2
MPa '
{Elong. Break, % 817 892 856 840 834
1% Secant Mod., MPa| 21.6 | 52.9 57.7 64.4 16.7 Yy
. TD ' -
Tensile Strength 43.3 38.4 48.5 37.0 41.4
Mpa . ‘
Elcng. Break, % 795 B61 B65 807 720
1% Secant Mod., MPa| 20.6 50.3 59.2 61.9 15.7
|Elmendorf, g/25 pm
MD 93.8 144 .6 193 .4 262.7 . 40.9
_ TD 107.61 171.0 233.1 263.95 25.1

Table 4 lists the branching levels of various polymers

used in the Examples, as determined by *C NMR.

EOC is ends-of-chains.

In Table 4,
Total methyl indicates the total

number of branches plus EOC, while methyl indicates the

amount of actual methyl branches, both as defined herein.

Table 4
Branching per 1000 CHy's
Polymer Total |Methyl | Ethyl | Propyl [Butyl |Amyl| Hex+
Methyl - | and EOC

Example 2 59.4 37.2 6.3 3.4 2.9 | 1.7 5.8
Example 1 60.8 41.0 5.6 2.7 2.8 1.8 6.4
Exact® 4033 54.0 0.0 54.0 0.0 0.0 0.0 0.0
(£ilm) ' '
Exact® SLP 43.1 0.0 2.5 0.0 [39.2]0.0 0.8
9095 (film)

18



1% Secant Mod., MPa20. 650. 359. 261. 915.7 El nmendorf, g/2

VDO3. 8144. 6193. 4262. 7 . 40. 9 TD107.6171. 0233. 1263. 925. 1 Té&lF@bﬂlqwg%“the
branching | evel s of various polymers used in the Exanples, as deternined
by 13C NMRo oh/igebabl € 4, 5 ECC i s ends-of -chains. Total net doadifoqt es the
total nunber of branches plus EOC, while nethyl indicates he anmount of
actual nethyl branches, both as defined herein. Table 4 Branchlng per 1000

CH2' s Pol yrmer To h y oR I I
256, 43726, 33, 43 51 7, K By amshe TesIaut 06 Bot kB eeRorerritas
54. 00. 054. P@lgmegs.-00The( tekly) uBrdcwars) tBEP "PAcCKER2KI0 e3¢, Zﬂs(iﬁg8a9095
(film 18 0 F u PCT/ US00R4401 Tabl e 5 |lists the
resul ts of otg;'é'%gk%?eét%g %%%vgrl oég%l 8 gT ? e&ﬁ' Q’tl OfsddS8&s t he
" Packf or skThnestgsusn.Bgdascpn.beduﬁ.a af. Qf80$bB&a(x40 Jesirnaanerardweklcti me of
3 sec. Th| est |ds g\ 1 bedng A1 M Sogt ar,__Journal of Plastic 5 Film
and Shesetl iM/gpd £ %ln§04 234 1fabPe 89PsPyfer Ex, 1Ex. 2Exact(r)

Table 5 : .

Polymer| Ex. 1 | Ex. 2 Exact®
4033

Temp. , °C Strength, N/cm

80
20
100
120
140
160
180
200
220

4

Wiwinjo |olulw vl

L]

dsirls|udeiunln]=
oo oo
i wlwlw{n]o]{w
oiwlulojo|olnan|o
wln|d |k lo|w]w]|wlm
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4033 Tenp.,CStrength, Ncm 801.63.04.7 905.22.63.9 1005.42.53.3

1204.13. 03.9 1405.13.05.0 1604.83.04.0 1805. 12. 94. 5 200428 FeBwagy 2004
2204..12.03.3 19 24 -February 2004 CLAIMS what is clainmed is: 1. A process
for,.lowering the heat sealing tenperature of a pol yol efin-based

thernopl astic, conprising 5 the step of replacing at |east a portion of
the polyolefin in the thernoplastic with a branched pol yolefin having a
density of about 0.86 to about 0.93 g/g¥larm@nd having nmethyl branches and
at | east branches of two other djfferént., | engths of six carbon atons or
l'ess, provided tWeRtsh® cchdimed W&: branches are at 1east 10 nole percent of’

total branching §n sai g?%hﬁg' ef | Ny, 2, e_prqgess as recited in
claim1, char actie'ri z%ogr&r:l a %A%e(r}lalglghggeopee% n5=%§.1 obrai nabl e by
pol ynmeri zi ngemiératuod ebf ra ivo el giiesersedtharaaipdlhgst cCoppapeiting
conpri sing |late.trapsition nmetal catalyst. 3. . The process as recited in
clai m 2.5 ChERGCTERS A6 TRIATH (e YR fr BRECECn fethr BRINPYSEIRS o
late 20 trahsi thenthebmbplonmlexidh a trafiched pgadretinTREVRPHECASS as..
recited in claim1,._ characterized in that the branched polyolefin has a
density of ty afs about 0.86 to about 0.93 g/mL, and having methyl
branches and at least branches of two other different..
lengths of six carbon atoms or less, provided that said

10 ﬁethyl branches are at least 10 mole percent of total

branching in said branched polyolefin.

2. The process as recited in claim 1, characterized
in that the branched olefin is obtainable by polymerizing
15 an olefin in the presence of a catalyst component

comprising a late transition metal catalyst.
3. The process as recited in claim 2, characterized
in that the late transition metal catalyst is a late

20 transition metal complex of a diimine ligand.

4. The process ag recited in claim 1,. characterized

.(r- in th;t the branchgd poiyolefin has a density of about 0.86
to about 0.91 g/mL. ’
25
5. The process as recited in any dné of claims 1-4,
chéracterized in that said branched polyoléfin is a
homopolyethylene. '
30 6. A process f£or preparing an article comprising the

step of heat sealing'a first thermoplastic surface to a
second thermoplastic surface, characterized in that the
first thermoplastic surface and the second thermoplastic
surface comprise a branched polyoléfin having s density of

AMENDED _SHEET
20




to about 0.91 g/nmL. 25 5. The process as recited in any one of clains 1-4,
characterized in that said branched polyolefin is a honBpéeheri@de. 30
6. A process for preparing an article conprising the step of heat sealing
a fjrst thernoplastic surface to a second thernopl astic surface,
characterized in that the first thernoplastic surface and the second

t hernopl astic surface conprise a branched pol yol efin having a density of

AVENDED, SrEbou20 02867 26 UBb: 20063 bt OnPLde by B Shell oy 19

met hyl branches and .at | east branchés of two eren s of
si x- car bon @&t d@8SE&r bragshepgr ofi thed eher sl HE sty |ldmpiches sdmxe at | east

10 nol e. per ¢apt, af | _hr i Ln: sahd..5 branched . pol.yolefin. 7. The
process as regc??gdai&%;ngl ai mfg,gg'ch r%‘?ﬁ%%%hcﬁ e gte%& %Fgﬁgﬂlgé ol efin
i s obtai nabBsebptpbepatrifimglarpentait i rcdtad presehdegofinasaatal yst

conpone C .SL.RY 10.Late transition nmetal catalyst. 8. The process as
recitedn$n %Fgﬁﬁiéa Eﬁﬁyg%?g}EZed‘in that the article is a single or

mal tilayer film 15 9. The process as recited in.claim®6, characterized in

that said branchgd golyolefin has a densjty of about 0.86 to about 0.91

g/mL. 10. The prdceS8eRTPLTT &F iTFEhPDAS SPadMaibns chagactegized in

char act eri zggat Nchdabreddigedranchigd ROloHEHR 1S 1Y pB?gBQ9h¥§£$ygﬁne- 11.
S

An article nade_at least in part froma first thefnoplastic surface and a
second therAbpFaRtIR SR REQS WG Ghéd aBd@divser coppheantseamprysing a

charactigy i zeghé e £4\ad3 €116 ddddt JdJigRRl astic surface and a second
t hernopl astic surface conprise a branched polyolefip having a density of

- 8. The process as recited in claim 6, characterized in

that the article is a single or multilayer f£ilm.

15 9. The process as recited in claim 6, characterized in
that said branched polyolefin has a density of about 0.86
toe about 0.91 g/mL.

10. The process as recited in any one of claing 6-9,
20 characterized in that said branched polyolefin is a
homopolyethylene.

o 11, An article made at least in part from a first
) thermoplastic surface and a second thefmoplaétic surface
25 Jjcined together by heat sealing, characterized in that the
first thermoplastic surface and a second thermoplastic
surface comprise a branched polyolefin having a density of
about 0.86 to about 0.93 g/mL, having methyl branches and
at least branches of two other different léngths of six
30 carbon atoms or less, provided that said methyl branches

are at least 10 mole percent of total branching in said
pelyolefin. .

'AMENDED SHEET
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about 0.86 to about 0.93 g/nL, having nethyl branches and at |east branches
of two other different |lengths of six 30 carbon atons o?4f§§§@nﬁﬁgvided
that said nmethyl branches are at |east 10 nol e percent of total branching
in said polyolefin. AVENDED SHEET 21 24 February 2004 12. The -article as
recited in claim1l, characterized .in that wherein the branched olefin is
obt ai nabl e by polynerizing an olefin in the presence of a catalyst
conponent conprising a late transition nefal catalyst. 13. The article as
recited in clai n‘?%l Tl&*ﬁa‘?’éﬁ%i? yazis r‘??iittqrr%taiq 734 iLdlr e ch@racserdredor

mul tilayer inlthaddwhdheim the | BrascHaridied i i%' 6'&5—)%191 bg%%?‘?t erized 10
in that the branched polyolefin has a density of about 8. 0 about 0.91
g/ nL. 15, . AREYEerizing 40 rekeftisy im they nowsescecbdi ascatalyst

char act, esrsl 2E8ub b it DA 9 Kb Tk ohSnBed? BRERRGLYSthy! ene.

13. The article as recited in claim 11, characterized

in that the article is a single or multilayer film.

"14T The article as recited in claim leicharacterized
"10  in that the branched polyolefin has a densiﬁy offabout 0.86
to about 0,91 g/mL. S

.

15. The article as recited in any one of claims 11-14,
characterized in that said branched polyolefin is a
15 homopolyethylene,

AMENDED SHEET -
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